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DECLARATION OF SATYA P. CHALHAN 

Commisfiioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313^1450 

Sir: 

I, Satya P. Chauban» hereby stale as follows: 

1 . My name is Dr. Satya P. Chaahan. 

2. I am the listed co-inventor of subject matter claimed in U.S. Patent 
Nos. 6.395.176; 6.491.820; 6.540.919; and 6.709,594 Cthe DH20 Patents*'). I am also the 
co-inventor on the above-identified pending application. 

3. I am currently employed as a research leader at Battelle Memorial 
Institute ("Battelle"*)* where I am responsible for managing multi^sector programs in process 
and environmental technology. I also lead the commercialization of several Battelle- 
developed pollution prevention technologies. 
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4. I am currently managing tfaxee technologies that reduce water and air 
pollution. One of these technologies uses a pulsed-electric field (F£F) process to reduce the 
quantity of biological sludges from wastewater treatment plants requiring disposal. 

RELATED WORK EXPERIENCE 

5. I have worked at Baltelle for 30 years and have led programs in many 
areas of research including pollution prevention, advanced separations, electrotechnologies* 
waste treatment, remediation, chemical piocess development, clean fuel technologies, and 
minerals processing. Over those 30 years, 1 have developed extensive technology 
davelopmoit experience and have headed groups of scientists and engineers Involved in 
developing processes at lahoratory-, bench- and pilot-scale levels, as well as prototyping 
levels. 

6. I have authored oi co-authored over 100 publications. I am an inventor 
on ten (10) United States patents* all within the field of pollution prevention. 

7. I have over 20 years experience in conducting or managing advanced 
se|>arations R&D. This expertise includes flocculation, dewatenn^ electro-coagulation, 
electro-osmosis, membianes, selective ion exchange, supercritical fluids processing, 
electroporation and advanced absQiption systems. I also have experience in electrolysis and 
electroplatmg systems. For example, I managed a multt-millbn dollar project of Battelle for 
the U.S. Air Force that involved identification, development, and demonstration of 
separations technologies for removing impurities from nickel and chromium plating baths. 

8. By virtue of my ecHtcation, training, and experience, I believe that I am 
competent to offer opinions about what average practitioners in my field woxild think about 
Japanese patent application JP 1-210100 discussed below. 
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BACKGROUND OF THE TECHNOLOGY 

9. Waste-activated sludge (WAS) is produced by municipalities and 
iiKlustrial wastewater treatment facilities throughout the country and is a combination of 
various bio-solids (e.g., microorganisnis such as bacteria or protozoa) and water molecules. 
The DH20 patents disclose, inter alia, techniques to use electroporation to break down cell 
units and release intracellular dissolved, organic matter, which may be used as a "food'* for 
bacteria, such as via a feedback loop to an originating aeration tank. 

10. Electroporation is a jriienomenon in which a cell is exposed to high 
voltage electric field pulses, which destabilize coll membranes, by creating holes and thus 
increasing pemieability. This breakdown leads to the release of intracellular bio-solids and 
water molecules, and this allows for the use of such materials as a food for an aeration unit. 
The released materials may be used for biological digestion in aerobic, anoxic, facultative, or 
anaerobic bioreactors, as welL In any of these examples, the treatment by electropomtion 
may greatly reduce the mass of the sludge requuing disposal. 

1 i . Althou^ electn^mtion was in use in the food industry, 
electrqporation for sludge treatment was historically quite difficult to acbievo— my own w<nk 
with respect to the DH20 properties involved various testing over a number of years. Based 
on my experience in the field of waste treatment, research in the field of pulsed-electric field 
treatment of bio-material historically suffered from a lack of understanding of the physical 
mechanisms at play in electrochemical reactions associated with P£F. This research has 
suffered as well by the inability to measure a systems' reaction to different operating 
conditions. 

1 2. Electrolysis and arcing, for example, are related jAenomena that can 
hinder electroporation deployment in aerobic and anaerobic digestion systems. Electrolysis 
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results from the application of high electric fields over a long enough pulse width. If the ' W 
time (or pulse width) for a high voltage electric field is long enough, individual molecules 
may be broken down during a PEF treatment^ tt^reby releasing gases during treatment (e.g., 
hydrogen^ oxygen, chlorine, and other gases). Electrolysis is also evidenced by plating, or 
the collection of metal on the cathode of a PEF system, and conosion on the anode. A further 
hazard from electrolysis is arcing, which can damage electrode equipment and, in a worst 
case scenario, even create an explosion hazard with the gases released during electrolysis. In 
fiact, the amount of arcing increases as more gas is released during electrolysis. 

13. As is fcnown in the field of electrochemical engineering, the pulse 
width, or "on'* time, of a hi^ voltage electric field pulse creates electrolysis. The frequency 
with which that pulse is applied defines the ''off' time between pulses. During the "on*' time, 
the high voltage field is applied to cells within the treated material to be treated. The 
electrodes ai^lying die field a^t as capacitor plates, storing the applied electric field in the 
biomass thecebetween. If the ''on** time of a pulse is long enough, then the electrodes (similar 
to a capacitor) will completely charge during this "on** time, after which electrolysis can 
occur. The electrolysis may be evident by cell breakdown aiKi gas release or, in more 
extreme conditions, by arcing, as discussed above. Attachment A discusses the concept of 
''capacitance effects" which govern this electrochemical reaction. Short pulses may be used 
to avoid these capacitance effects, because with diort pulses there is insufficient time for 
enough charge to build up in the system to create an electrochemical reaction. Figure 4.2(c) 
in Attachment B also illustrates this condition. The short pulses distort (or dampen) the 
foradic cuirem^F* so that the foradic current never reaches the imposed current amplitude, jt, 
thus minimizing electrochemical activi^. In any event, when looking at whether electrolysis 
occurs in a system or not, the pulse width of the high vohage applied field is determinative. 
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**THE KOHO APPLICATIOIV <JP 1-210100) 

14. I have teviewed cm English translation of Ja(>anese patent application* 
JP 1-210100 (Attachment C, hereinafter ^'The Koho application*'), which was cited in 
Japanese Patent Application No. JP 2002'S09023» which is a foreign counterpart to 11.5. 
Patent 6;395.176. 

15. The Koho application relays a method for anaerobic digestion of 
sludge using a high-voltage pulse applied to the sludge. The Koho Application states: 

If a high-voltage pulse is applied to the sludge, a major portion 
of the electric energy is applied to ^ cell walls of 
microorganisms present in the sludge; this energy is converted 
into a membrane compression energy, and the cell walls are 
destructed 

16. The Koho application describes speciHc operating conditions for its 
high-vohage putse sludge treatment Electric field intensity is to be between 5-50 kV/cm. 
Pulse widths are to be greater than or equal to 1 00 ^s ("not less than 1 00 ^sec"), and 
preferably 200*1000 ^s or higher. 

A working example is provided: 
Electric Field Intensity: 25 kV/cm 
Pulse Width: .500 |is 

Pulse Spacing: .Is 
Pulse Frequency: 1 0 Hz 

Treatment Time: 20 minutes. 

17. The Koho application acknowledges that electrolysis can occur under 
certain conditions of high-voltage electric fields. Yet» the Koho application fails to recognize 
any of the hazardous problems with electrolysis (see, ^12 aboye)» but instead states Aat 
electrolysis ^is meaningless from the standpoint of destructing cell walls.^ The Koho 
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application suggests that electrolysis should only be avoided to prevent increased power 
consumption. The Koho application does not recognize the many detrimental affects diat can 
occur with substandal electrolysis in a treatment system. 

THE DISCLOSED RANGES IN THE KOHO APPLICATION WILL CREATE 
SUBSTANTIAL AMOUNTS OF ELECTROLYSIS 

1 8. Having reviewed the Koho Application^ my opinion is that die 
aj^lication would not enable one of ordinary skill in the art to build or derive sludge 
treatment systems like those described in the DH20 Patents. I base this opinion on ths 
operating ranges described in the Koho Application, in particular the disclosed pulse width 
ranges, which would result in electrolysis contrary to what is suggested. 

1 9. Although Koho apparendy believed diat electrolysis could be avoided 
by pulses of 1 00 |i$ or greater, in fact, in my opinion that is not the case. A substantia] 
amount of electrolysis is expected to occur under conditions described by the Koho 
Application. Data more recent than that of the 1988 Koho timeframe, including data from 
tests tbat I am fiuniliar with and data fiom teats that I designed and monitored (see^ e.g., ^0), 
establishes that extensive electrochemical activity will occur at the 100 \xs and above pulse 
widths to which the Koho application is directed. 

20. In 2002, for example, Battelle conducted tests at a municipal waste 
treatment facility in Lancaster^ Ohio. Using a Pulsed Electric Field system, like that 
disclosed in the DH20 Patents, Battelle processed waste sludge for 23 days. For the tests, the 
pulse widths ranged fiom 2 to 8 ^s, the voltage was approximately 25 kV/cm, and the 
firequency was greater than 1000 Hz (e.g., 2000-3000 Hz).' During these tests* the PEF 

^ The applied electric field was the same as that of the Koho Application, although the overall 
frequency was different. Yet, as described in ^1 3 and the appendices referenced therein, 
signal frequency does not alTect Ihc amount ofeleclrulyiua^ instead, the pul^iC widtlk ailtscls 
the amount of electrolysis and arcing. 
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sy^em began to experience unstable operation at pulse widths of 8 and higher. The 
unstable operation was sfystem arcing attributable to electrolysis. At pulse widths of 8 |is and 
above, bubbling was evident in the sludge thus evidencing gas formation fh>ni electrolysis. 
Because the P£F system was designed to protect electronics in the event of detrimental 
amounts of arcing, the PEF unit would periodically shut itself down when the tesdng went 
above approximately S-9 ^s to make sure that excessive arcing levels were not reached. PEF 
operation in the longer pulse width range became unstable due to an increased tendency for 
arcing. At shorter pulse widths, however, gas formation and arcing was not observed. 

2 1 . Thus, based on the general knowledge in the field of electrochemical 
technology and from my observations based on the above-referenced tests which showed 
electrolysis beginning to show at pulse widths much smaller than those disclosed by the Koho 
Application, substantial amounts of electrofysis would result when using the 100 |is and 
above pulse widths suggested by the Koho Application. These pulse widths are substantially 
longer than those of the Battelle tests at the Lancaster facility, which resulted in some 
electrolysiB. Further, as is well known, once electrolysis has occurred, increasing the pulse 
width of the applied electric field xvdll exponentially increase the rate of arcing because of the 
increased gas evolution (or release) due to electrolysis. As the rate of arcing increases 
substantial amounts of arcing will occur resulting in a high likelihood of equipment damage 
or gas explosion. The pulse widflis described in the Koho Application wouU not only result 
in electrolysis^ but in substantial and excessive arcing from this electrolysis. This is in 
contrast to what is suggested by the Koho Application. 

22. Fxtrthecmore, anyone reading the Koho Application at or around the 
time of the filing of the first DH20 Patent would have understood that the long pulse widths 
described in the Koho Af^lication would result in substantial amounts of electrolysis. 
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Furthennore» tlie Koho Application would have only motivated someone to forni a PEF 
sludge treatment system that operated in a range that resulted in substantial electrolysis. 



the Koho Application describes a systenn that will result in substantia] electrolysis, whereas 
the DH20 patents describe ranges and systems that would not result in substantial 
electrolysis, if any. 



are true, and that all statements made on information and belief are believed to be troe; and 
fuidier that these statements are made widi the knowledge that willful false statements ate 
punishable by fine or imprisonment or both, under § 1001 of Title 18 of the United States 
Code, and that such williiil &lse statements may jeopardize the validity of Ae application oi 
any patent issued thereoiL 



23. As the Koho Application is limited to 100 ps and above pulse widths. 



CERTIFICATION AND OATH 



24. I hereby declare that all statements made herein of my own Icnowledge 
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